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For coating silica nanoparticles, a solution of chitosan (CH) (0.3%, w/v) at pH 4.5, or 145 sodium alginate (SA) (0.3% , w/v) at pH 4.5, or PEG 60002 or PEG 20000 (2%, w/v) at 146 pH 6.8 was added to the nanoparticles, stirred for 30 min and centrifuged as described 147
above. 148
For insulin association to SiNP, 1 mL of human insulin (100 IU/mL, pH 7.0) was added 149 to 10 mg of uncoated SiNP under gentle stirring (300 rpm) for 30 min into ice bath. In this study, DSC was used to evaluate the influence of the selected coatings in SiNP. 232 Table 1 in Figure 1A (as denoted). Thermogram of sodium alginate depicted an endothermic 238 peak at 97 ºC followed by an exothermic transition at 239.74 ºC ( Upon coating of SiNP with SA (SiNP-SA), the endothermic peak was shifted to 139.91 245°C associated to an enthalpy of 65.41 J/g ( Figure 1A , Table 1 ). Also, the addition of SA 246 onto SiNP surface shifted the exothermic peak to higher temperatures, in comparison to 247 SA alone. The shift of melting point and the exothermic peak in SiNP-SA may ascribe 248 to the interaction between silica and sodium alginate resulting in higher thermal stability 249 of the system. The second endothermic peak, at 253.51 °C, was attributed to the 250 removal of the absorbed water in the sample under heating. confirming that the presence of insulin changes the thermal behavior of nanoparticles 258 due to the interaction between the protein and the polymer. 259
As indicated on Table 1 higher stability of the system, requiring more energy to break the interactions between 268 silica and the polymer, as well as during the thermal decomposition of the nanoparticles. 269 Again, the second endothermic peak at 204.98 ºC observed after coating with chitosan 270 was due to the removal of adsorbed water. No signal of insulin peak was detectable after 271 its incorporation in SiNP-CH, suggesting that insulin is completely dissolved in the 272 polymer chains leading to an interaction between insulin and the polyelectrolyte ( Figure  273 1; Table 1) . 274
Concerning the effect of PEGylation on SiNP, the thermal behavior of nanoparticles 275 using PEG 6000 was similar to that using PEG 20000 ( Figure 1A ). Pure PEG 6000 and 276 PEG 20000 melt at 63.04 and 54.43 ºC, respectively ( Table 1 ). The coating of SiNP 277 with PEG 6000 and PEG 20000 shifted the endothermic peaks of the polymers to higher 278 temperatures about 83.41 ºC and 94.84 ºC, respectively ( Figure 1A ). This result was 279 attributed to the fact that PEG chains, in PEG-SiNP, are less flexible than those in pure 280 PEG due to the interaction between silica and PEG segments ( Figure 1A , Table 1) . 281
SiNP could act as nucleating agent, promoting the orientation of PEG chains and 282 consequently leading to the high formation of crystal. In the presence of insulin, the 283 endothermic peaks were registered at 92.10 °C for Ins-SiNP-PEG 6000 ( Figure 1B The FTIR spectra of Ins-SiNP (Figure 3 (e) The spectra of Ins-SiNP-CH (Figure 3 (a) ) showed the presence of peaks around 1600, 315 1500 and 1400 cm 1 , related to amide bond, to vibration of protonated amine group and 316 -CH 2 bending, respectively. The absorption bands at 1000 cm 1 (skeletal vibrations 317 involving the C-O stretching) are characteristics of its saccharide structure [28] . AM a n u s c r i p t 11 characteristic band at 3440 cm 1 was assigned to O-H stretching, indicating 319 intermolecular hydrogen bonding which is overlapped in the same region to the 320 stretching vibration of N-H. 321
The bands around 1600 and 1400 cm 1 present in the FTIR spectrum of Ins-SiNP-SA 322 Figure 3 (b) are assigned to symmetric and asymmetric stretching vibrations of 323 carboxylate salt groups. In addition, the bands around 1300 cm 1 (C-O stretching), 1100 324 cm 1 (C-C stretching) and 1000 cm 1 (C-O stretching) are attributed to its saccharide 325 structure [29] . 326
The representative FTIR spectra of Ins-SiNP-PEG 20000 (Figure 3 (c) ) and Ins-SiNP-327 PEG 6000 (Figure 3 (d) ) were quite similar. The region between 3300 and 3600 cm Figure 5B ). As shown in Figure 5A , compared with the control group, all 375 concentrations reduced significantly the cell viability (p < 0.05), although reduction in 376 not higher than 25 %. Figure 5A also shows that cell viability is reduced with the 377 increase in the nanoparticles concentration, leading to cytotoxicity being concentration 378 dependent, and that loading SiNP-CH with insulin improves cell viability. 379
As observed in Figure 5B , HepG2 cell viability was less affected by nanoparticles 380 exposure than Caco-2 cells. At 50 μg/mL SiNP-CH, changes in cell viability were not 381 statistically significant, after 48 h exposure. Comparing with uncoated SiNP (Figure 4) , 382 it is observed that SiNP coated with chitosan (SiNP-CH) induced slightly higher 383 toxicity in both cell lines ( Figure 5A and B) . In vitro evaluation of chitosan and chitosan 384 nanoparticles has been performed in a wide range of cell lines demonstrating lowM a n u s c r i p t 13 cytotoxicity [34, 35] . However, it is known that cationic compounds can cause cell 386 damage. The presence of the positive charges on the SiNP-CH surface may 387 consequently affects the interaction with cells leading to a decrease of cell viability. 388
Many studies suggest that cationic materials imply higher toxicity due to the 389 interactions with the plasmatic membrane and/or with negatively charged cell 390 components and proteins [36] [37] [38] . Also, some works have showed that chitosan coated 391 nanoparticles can induce cell apoptosis in some extend [39] . 392
As observed in Figure 5A and 5B, insulin-loaded nanoparticles decreased the 393 cytotoxicity of SiNP-CH, after 48 h of exposure, being more evident in Caco-2 cells at 394 high concentrations. This phenomenon can be related to the possible decrease of the 395 interaction between the positively charged amino groups of chitosan with the anionic 396 components of the glycoproteins on the cell membrane surface, improving cell viability. 397
Regarding to SiNP-SA, Caco-2 cells ( Figure 5C ) were also more susceptible than 398
HepG2 cells ( Figure 5D ) to the exposure to SiNP-coated with sodium alginate. All 399 concentrations of SiNP-SA significantly reduced the viability of Caco-2 cells, compared 400 to control ( Figure 5C ), however, some reductions are minimal (no more than a 20% of 401 decrease, from control). However, only the concentration of 500 µg/mL of SiNP-SA 402 reduced significantly HepG2 viability ( Figure 5D After insulin incorporation into SiNP-SA, all tested concentrations showed low 410 cytotoxicity in Caco-2 ( Figure 5C ) and HepG2 cells ( Figure 5D ). As reported 411 previously, insulin loading seems to improve cell viability. These results are in evident 412 agreement with other studies demonstrating high biocompatibility of alginate as a 413 coating or even as a carrier [41] . 414
In general, we can observe a low degree of toxicity for all particles at the concentration 415 range tested. However, for the unloaded nanoparticles, a reduction in the cell viability is 416 observed which is concentration dependent, and it is more evident for Caco-2 cells, as 417 observed for SiNP-CH ( Figure 5A ) and for SiNP-SA ( Figure 5C ).M a n u s c r i p t 14 Concerning the coating with PEG (Figure 6 ), two different PEG polymers were studied 419 differing in chain extent and thus in MW, the PEG 6000 and PEG 20000 were used. 420
Cell viability of Caco-2 ( Figure 6A ) and HepG2 cells ( Figure 6B ) after 48 h of exposure 421 to SiNP-PEG 6000 and SiNP-PEG 20000 is shown. Concerning the effect of 422 nanoparticles concentration on cytotoxicity, we could note that higher concentrations of 423
SiNP-PEG 6000 (200 and 500 µg/mL) induced higher cytotoxicity in both cell lines 424 ( Figure 6A and 6B) , to note that 500 µg/mL of SiNP-PEG 6000 reduced Caco-2 cell 425 viability by more than 50% ( Figure 6A M a n u s c r i p t M a n u s c r i p Graphical Abstract (for review) M a n u s c r i p t 
